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(54) EVALUATION OF SILICON WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for evaluating a silicon wafer which 
enables rapid, easy, and low-cost measurement of the entire in-plane surface of the wafer. 



SOLUTION: A silicon safer is dipped in an enchant containing hydrofluoric acid, nitric acid, 
iodine, and water to selectively etch the sections having crystal defects, and the crystal 
defects appearing on the surface of the silicon water are detected. The iodine content is 
0.03 g or above per liter of enchant, and the content ratio for hydrofluoric acid, nitric acid, 
and water is 400:4 to 5:8. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The evaluation approach of the silicon wafer characterized by detecting the flow pattern 
which was immersed in the etching reagent containing fluoric acid, a nitric acid, iodine or an iodide, 
and water in the silicon wafer, etched the crystal defect part alternatively, and appeared in the front 
face of this silicon wafer. 

[Claim 2] The iodine in said etching reagent or the content of an iodide is the evaluation approach of 
the silicon wafer according to claim 1 characterized by being 0.03g or more to the 11. of the total 
volume of this etching reagent. 

[Claim 3] The capacity factor of the fluoric acid in said etching reagent, a nitric acid, and water is the 
evaluation approach of the silicon wafer according to claim 1 or 2 characterized by being :(400) (4- 

5): (80). 

[Claim 4] Said etching reagent is the evaluation approach of the silicon wafer according to claim 1 or 
2 characterized by containing an acetic acid further. 

[Claim 5] The capacity factor of the fluoric acid in said etching reagent, a nitric acid, an acetic acid, 
and water is the evaluation approach of the silicon wafer according to claim 4 characterized by 
being :(400) (4-5):(0-40): (80). 

[Claim 6] For said silicon wafer, claim 1 characterized by being a wafer after mirror polishing 
thru/or claim 5 are the evaluation approach of the silicon wafer a publication either. 
[Claim 7] For the dirty off amount of the silicon wafer by said etching, claim 1 characterized by 
being 3-30 micrometers by both sides thru/or claim 6 are the evaluation approach of the silicon wafer 
a publication either. 

[Claim 8] Claim 1 characterized by etching the immersion initiation temperature of said etching 
reagent at 10-30 degrees C thru/or claim 7 are the evaluation approach of the silicon wafer a 
publication either. 

[Claim 9] Claim 1 characterized by leaving and etching without agitating a silicon wafer in said 
etching reagent thru/or claim 8 are the evaluation approach of the silicon wafer a publication either. 
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http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 9/26/2006 



JP,1 1-238773,A [DETAILED DESCRIPTION] 



Page 1 of 4 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the evaluation approach of a silicon wafer. It is 
related with the approach of detecting in more detail the flow pattern defect which degrades the 
electrical property of a silicon wafer. 
[0002] 

[Description of the Prior Art] Conventionally, as an approach of detecting the flow pattern defect 
which degrades the electrical property of a silicon wafer, there were an approach of etching the front 
face of (I) silicon wafer with an etching reagent, the approach of irradiating laser light at (II) silicon 
wafer, etc. 

[0003] The approach of (I) is an approach of detecting the crystal defect which was immersed in the 
SEKO (SECCO) liquid containing a potassium dichromate in the silicon wafer, etched alternatively 
the crystal defect part just behind crystal growth, and appeared in the front face of a silicon wafer, as 
indicated by JP,4-285100,A and JP,4-192345,A. Since a defect is observed by the ripple pattern at 
this time, it is called the flow pattern defect. Moreover, the approach of (II) is the approach of 
measuring the same defect by un-destroying using dispersion or the phase shift by laser light, such as 
the infrared dispersion tomograph method and an infrared phase-contrast-microscope method, as 
indicated by JP,9-199561,A. It is known that oxide-film pressure-proofing which is electrical 
characteristics can be evaluated by such defective evaluation. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the approach of (I), although it was simple 
and the whole surface within a field of a wafer could be observed, there was a problem that the liquid 
containing the potassium dichromate which is the harmful matter had to be used. Moreover, by the 
approach of (II), infrared dispersion tomograph equipment and infrared phase-contrast-microscope 
equipment had to be used, simple nature and quick nature were missing, and there was a problem 
that no evaluations could be fUrther performed in a wafer side in cost quantity. 
[0005] This invention tends to solve the above-mentioned trouble and it aims at offering insurance 
and the approach of performing quickly and cheaply for evaluation of a silicon wafer. 
[0006] 

[Means for Solving the Problem] Invention of this application according to claim 1 is immersed in 
the etching reagent containing fluoric acid, a nitric acid, iodine or an iodide, and water in a silicon 
wafer, etches a crystal defect part alternatively, and offers the evaluation approach of the silicon 
wafer characterized by detecting the flow pattern which appeared in the front face of this silicon 
wafer. 

[0007] In claim 1, as for invention of this application according to claim 2, the iodine in an etching 
reagent or the content of an iodide offers the evaluation approach of the silicon wafer characterized 
by being 0.03g or more to the 11. of the total volume of this etching reagent. 

[0008] Invention of this application according to claim 3 offers the evaluation approach of the silicon 
wafer characterized by the capacity factor of the fluoric acid in an etching reagent, a nitric acid, and 
water being :(400) (4-5): (80) in claim 1 or claim 2. However, fluoric acid is 50-% of the weight 
fluoric acid, and a nitric acid is the capacity factor of the solution of a 61-% of the weight nitric acid. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/26/2006 



JP,1 1-238773,A [DETAILED DESCRIPTION] 



Page 2 of 4 



[0009] Invention of this application according to claim 4 offers the evaluation approach of the silicon 
wafer characterized by an etching reagent containing an acetic acid further in claim 1 or claim 2. 
[0010] Invention of this application according to claim 5 offers the evaluation approach of the silicon 
wafer characterized by the capacity factor of the fluoric acid in an etching reagent, a nitric acid, an 
acetic acid, and water being :(400) (4-5):(0-40): (80) in claim 4. 

[001 1] For invention of this application according to claim 6, claim 1 characterized by said silicon 
wafer being a wafer after mirror polishing in either claim 1 thru/or claim 5 thru/or claim 5 are the 
evaluation approach of the silicon wafer a publication either. 

[0012] Invention of this application according to claim 7 offers the evaluation approach of the silicon 
wafer characterized by the dirty off amount of the silicon wafer by etching being 3-30 micrometers 
by both sides in either claim 1 thru/or claim 6. 

[0013] Invention of this application according to claim 8 offers the evaluation approach of the silicon 
wafer characterized by etching the immersion initiation temperature of an etching reagent at 10-30 
degrees C in either claim 1 thru/or claim 7. 

[0014] Invention of this application according to claim 9 offers the evaluation approach of the silicon 
wafer characterized by leaving and etching without agitating a silicon wafer in an etching reagent in 
either claim 1 thru/or claim 8. 
[0015] 

[Embodiment of the Invention] Next, an example of the gestalt of the example of this invention is 
shown. First, the production approach of the silicon wafer to be used is good by the well-known 
silicon single crystal substrate production approach. For example, the silicon wafer sliced from the 
silicon single crystal ingot pulled up with the Czochrlski method can be used. However, although it 
is desirable to be polish DOWEHA which passed through the mirror-polishing process further 
through chemical etching since the condition that the processing distortion by a slice etc. does not 
remain is required for the front face and front face of a silicon wafer to a depth of about several 
micrometers, you may be a wafer after chemical etching before a mirror-polishing process. 
[0016] Thus, the obtained silicon wafer is immersed in the etching reagent containing fluoric acid, a 
nitric acid, iodine or an iodide, and water, a crystal defect part is etched alternatively, and the 
consistency of the crystal defect which appeared in the front face of this silicon wafer is measured. 
[0017] Iodine or an iodide is added to an etching reagent, because effectiveness is to prevent 
generating which adheres to a wafer front face and permeates (stain film), clear [ in a flow pattern ] 
by preventing generating of the stain film — and it is stabilized, and while being able to check, it 
leads to compaction of reaction start time, and equalization of etching cost, and evaluation precision 
improves. When not adding iodine or an iodide, detection of a defect is not stabilized, and this 
invention is not materialized. Potassium iodide etc. is mentioned as an iodide and you may add as a 
water solution. As for the addition of iodine or an iodide, it is desirable for 0.03g or more to add to 
the 11. of the total volume of an etching reagent. Moreover, as for the capacity factor of the fluoric 
acid in an etching reagent (50 % of the weight), a nitric acid (61 % of the weight), and water, it is 
desirable that it is :(400) (4-5): (80). To this etching reagent, an acetic acid (99.8 % of the weight) 
may be added further, and, as for the capacity factor of the fluoric acid in this case, a nitric acid, an 
acetic acid, and water, it is desirable that it is :(400) (4-5):(0-40): (80). 

[001 8] The dirty off amount of the silicon wafer by etching using the above-mentioned etching 
reagent has desirable 30 micrometers or less by both sides. It is because it will be ruined if long 
duration etching is carried out, and the check of a flow pattern becomes difficult. Moreover, in 3 
micrometers or less, there are few amounts of etching by both sides, and a defect may not be 
observed. Moreover, if a silicon wafer is immersed, the temperature of an etching reagent will rise 
rapidly. Although it is possible to perform etching in a 5-80-degree C temperature requirement, in 
order to obtain the stable reaction and to maintain a uniform machining allowance, what immersion 
initiation temperature is set constant in 10-30 degrees C, and the temperature under immersion is 
also kept constant (the upward tendency of temperature is made regularity or is controlled to 
arbitration temperature) is desirable, the condition of having stood the silicon wafer perpendicularly 
when immersing and etching a silicon wafer into this etching reagent — in addition — and it is 
desirable to leave it without agitating. By doing in this way, the form of a flow pattern as shown in 
irawingj is formed. 
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[0019] By carrying out the process mentioned above, the defect which degrades the electrical 
property which exists in the same flow pattern as the conventional technique, i.e., a silicon wafer, is 
detectable. All evaluations can be performed in a wafer side by low cost simple and quickly, without 
using infrared dispersion tomograph equipment and infrared phase-contrast-microscope equipment, 
without using the liquid containing the potassium dichromate which is the harmful matter which was 
being used especially conventionally. 
[0020] 

[Example] Hereafter, the example of this invention is shown. Polish DOWEHA which passed 
through eight kinds of mirror-polishing processes as shown in a table as a silicon wafer was used. 
These wafers are manufactured so that defect density may differ, these sample wafers ~ 2 ~ it 
divided or quadrisected and etched two sheets at a time according to the approach of every one sheet 
or the below-mentioned example, and the example of a comparison about each wafer. 



[0021] 
[Table 11 


No. 


US 






fi$t^ (Qcm) 


1 


6 


pi 


(100) 


9-12 


2 


6 


pm 


(100) 


3-4 


3 


e 


pi 


(100) 


10 


4 


8 


pi 


(100) 


10 


5 


8 


?m 


(100) 


0.4-40 


6 


6 


NI 


(100) 


1-2 


7 


6 


NI 


(100) 


16-24 


8 


8 


NS! 


(100) 


0.8-1.2 



[0022] (Example) 5000ml of fluoric acid, 50ml of 61-% of the weight nitric acids, 1000ml of water, 
and 100ml of 0.1 mols [/l. ] potassium iodide water solutions were mixed altogether 50% of the 
weight, and the etching reagent was prepared. In order to stabilize a presentation and temperature of 
liquid, after leaving this etching reagent on the 1st, it was left from 5 minutes for 60 minutes without 
immersing and agitating at the immersion initiation temperature of 23 degrees C, where each sample 
wafer after division is stood perpendicularly. The machining allowance at this time was about 3 
micrometers to 40 micrometers by both sides. Moreover, in order to make a machining allowance 
regularity, the amount of an etching reagent, the preparation number of sheets of a wafer, and 
immersion initiation temperature were fixed between processing batches. 

[0023] (Example of a comparison) In the example, it etched similarly except having replaced the 
etching reagent with SEKO liquid (it preparing with the mixing ratio of HF100cm3+K2Cr2O7 
(0.15M)50cm3). 

[0024] About each sample wafer which etched with the above-mentioned monograph affair, the 
formed flow pattern was measured and it asked for the consistency. As shown in drawing 2 , the flow 
pattern was observed in the example of a comparison, as [ in (a) and an example ] shown in (b). In 
the example of a comparison, a pit 12 is seen at the tip of a flow pattern 1 1. In the example, although 
a pit 12 is unobservable clearly, a flow pattern 1 is stabilized and can be observed, however, etching 
cost — ****** arises and it was hard coming to observe in a thing 30 micrometers or more 
Moreover, in the example and the example of a comparison, since etch rates differed, evaluation of 
the number of flow pattern defects counted the number of flow patterns, and standardized it as a 
number per unit volume (consistency) from the area of the area which observed etching cost and a 
flow pattern. 

[0025] Drawing 1 shows correlation with the consistency per unit volume of the flow pattern by this 
invention obtained in each example, and the consistency per unit volume of the flow pattern defect 
by SEKOETCHINGU obtained in each example of a comparison. As shown in drawing, the flow 
pattern consistency by this invention suited the flow pattern defect density and about 1 : 1 correlation 
by SEKOETCHINGU. Therefore, according to the approach of this invention, it turned out that a 
result equivalent to SEKOETCHINGU can be obtained. 
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[0026] 

[Effect of the Invention] Quick measurement of the whole surface within a wafer side is attained by 
simple and low cost, without using infrared dispersion tomograph equipment and infrared phase- 
contrast-microscope equipment, without using the SEKO liquid which contains the potassium 
dichromate which is the harmful matter about the flow pattern defect which degrades the electrical 
property of a silicon wafer according to this invention as explained above. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Dr awing 1] It is the graph which shows correlation with the consistency per unit volume of the flow 
pattern by this invention, and the consistency per unit volume of the flow pattern defect by 
SEKOETCHINGU. 

[Drawing 2] It is drawing showing the configuration of a typical flow pattern, and (a) depends what 
is depended on SEKOETCHINGU, and (b) on this invention. 

[Translation done.] 
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DRAWINGS 
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PROBLEM TO BE SOLVED: To provide a crystal defect evaluating method, along with an 
etching liquid used therefor, capable of evaluating crystal defects of an SOI wafer with an 
excellent defect detecting capability, using a chromium-less etching liquid that contains no 
toxic chromium. 

SOLUTION: The SOT wafer is submerged in the etching liquid for etching of an SOI layer. 
The etch pit formed in the SOI layer is observed to evaluate crystal defects of the SOI 
wafer. The etching liquid contains iodine or iodide in the mixture liquid of hydrofluoric acid, 
nitric acid, acetic acid, and water, while maximum in capacity ratio in the etching liquid of 
nitric acid, with the etching rate of the SOI layer being adjusted to be 100nm/min or less. 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for evaluating a silicon wafer which enables rapid, easy, and low-cost 
measurement of the entire in-plane surface of the wafer 

SOLUTION: A silicon safer is dipped in an enchant containing hydrofluoric acid, nitric acid, iodine, and water to selectively etch 
the sections having crystal defects, and the crystal defects appearing on the surface of the silicon water are detected. The 
iodine content is 0.03 g or above per liter of enchant, and the content ratio for hydrofluoric acid, nitric acid, and water is 400:4 
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aa%iSK©f§?S©§«]:br* 

[0 00 9] #S£©t»#:iS4fe*S©#£9fte. ft*^ 1 X 

«ii*ji 2 tcfc^r . x •> ^ > vm&z h icmmz^m 

t h C 4 €r#l!t<b-r S S> V ^ > ^ -^©i¥ffi£*££& 

[ooio] ^©w*^5iats©^(±. ri*i4K 
*st,>r. x^^>^?K4j© 7 ^gf, gin. s^kr^*© 

^Stb*!(4 0 0) : (4-5) : (0~4 0) : (8 
0) X2b?>C.t>k'®WLt-$-?>is')^ls'5 *~-^<DWWJj 



3 

[ooin ^montmBtsMo^ma. 1 a 
i » L nmm 5 ox >r*iMc **i > x . mrffiv y 3 > ■> x - 

m i ac> lswus 5 cD^rn^sBiso^ y 3 >«> 

[0012] 4«<DM«gi7EIIM>A99B. tf*Jf 1 ft 

[0013] *m<Dimm8im<D%iWiz. nmm i a 

[0014] 2nRoM9io]f 9enoAn». i a 
c <t «:»«4-r 45/ y a > * * -^©w«*ffi*»«-r 

20 

[0015] 

tt. 4aoco^y=i>»JS«ifif¥«*ffirA^. w*. 

* a * •y^^-ffiec J: 0 3 I #±tf fcS/ y =i 
5Ct*Jr*4. ffiU vyn>»i7^-^©SHSO'S 

s l x i » a c ^tfaWia^* & fc#>. ^ * ^ jux 7 ^ > 
**«TMcc*roBx«*«fc*y -^>* k^x-a 30 

[0016] c©<fc9KLTS6ftfc^y 

*>yu tt->y3>^x-^©*fficc3an/cJBaxK 

[0017] i^>y*K3«)JRXB39<k»t»llD 

s-tt-r* *iw! kiss bat*. 3^ft«Bj<!:bTttm« 



ftPS 3 ? 1 1 -2 38 77 3 

<D&mmi y * r-wc#o-co. 0 3gja±a$ttrr4cD 

*<S*0t>o £/c, x-^^Stfi©? 9 k (5 Oil 
9*> , Wtt<6 1M%) 2UMc<DS»ittt, (4 0 
0) : (4-5) : ( 8 0 ) Vi>i<OHfiUt CO 
x^^>y«CCtt3 6CC*» (9 9. 811%) ^fiH 

Sit«, (4 0 0) : (4-5) : (0-40) : (8 
0) *C*£<D#»* IX». 

[0018] ±l2x^^>^€rffiC^cX^^>^CCj: 
4>"J3>^x-a0x^ **7gteMIf-C3 0 umfct 

■ i4r,rLJHfc»r*S. IIt3tfm«T 

s/c, 5/y3>^x-M«raat-r*ix9^>^ 
®<Das^aii«c±#*rs. x^^>^«5-8 o«c<£> 

0-30 W&MX-fet U ««*©flSE&--5&(:« 
>hP-^-r4) Ci^Sf^L/t>o C0i^>^ItC 

ya^^x^tattccstrfc^rtt^oa^i/a 

I^MIT*J<C<!:^2*1^ C<D£ 5 KITSCH 
S2tc^-TJ: ; 5a^a-^-^->©ff^^?ti 

[0 0 1 9 ] ±»0fcXH*»rac&*CJ:9. 
[0 02 0] 
[0 02 1] 



(4) 



f$&3¥ 1 1 -2 38 77 3 
6 



No. 


MS ( 0) 


H IT 




&tft^ (ft cm) 


1 


6 


PS 


(100) 


9—12 


2 


6 


n Art 


(100) 


3—4 


3 


6 


P^ 


(100) 


10 


4 


8 


PM 


(100) 


10 


5 


8 


PM 


(100) 


0.4-40 


6 


6 


NI 


(100) 


1-2 


7 


6 


Nl 


(100) 


16-24 


a 


8 


NM 


(100) 


0.8-1.2 



[0 0 2 2] ($mW) 5 0nm%7 vWiS 0 0 Om 
K 6 1it%W5 0mK *1 OOOmlSVO. 

a. Stsiwssff 2 3 wcxftm'&oi&y-^yjiv * - 

/^HUECc Sl~C fett-ttr »« L % L C > T 5 6 
6 0Mgl/c o C©B$CDBK*)tttt. SltlB3(im* 

coo23] <jt««> sewwc*$i>T, x^^>yj8s 

(HF 1 00 cm 3 +K 2 Cr,0 7 (0. 15 
M> 5 0 cm 3 coiE^i:fC^ii) CC»itfc£lWi|ga«C 

[0024] ±ffi&5&#-Cx > ^£?t o /c§tf > :/ 

i5fctb««rtt (a) % Hffi{*JTti (b) Q<£5«:ia 
* h i 2#m6n£ a mt&m-at. tr* h i 2tt«-*# 

TfS^r^^c fib. x ^>^3 0 wmt(±C0*>(D 
£ tklSffilr »x v 9 > teztctb. ya-jm 



[ 0 0 2 5 ] m lit. S3ltt«rf#6nfe**l8tcJ: S 

20 «cJ:S^aw^->^Hsafai«tti : l (DtmM& 
[0 02 6] 

3 > ^7 * -^©«St«rt4*3Sf k3 i*& 7 P - A* - >X 
30 3&SpJ«ittS. 

[S2] «siwtt7a-^jr-><wg«*^-ria-e* 

5. (a)tt*fe3x-;f>y«:j:5t(D t ( b ) 



BEST AVAILABLE COPY 



(5) 1 1 -2 38 77 3 



mi] IM2) 




